Production and Partial Characterization of Cellulase from Pseudomonas
Methane gas is emitted from the rotten MSW. Methane is the second potent greenhouse gas having 20 times more impact on climate change compared to the carbon dioxide. Therefore, cellulosic biomass of MSW needs to be bioconverted into bioresources through production of value added products such as enzymes. Cellulase can be produced by bacteria using cellulosic MSW as the raw material. With this view, we herein isolated and screened cellulase producing bacterial isolates from MSW and cow dung and optimized some parameters for cellulase production. Cellulases produced from these bacterial isolates were partially characterized.
Materials and Methods

Isolation and identification of cellulase-producing bacterial isolates
Cow dung samples were collected from Baghbari Slaughtering House, Sylhet City Corporation, Bangladesh immediately after slaughtering the cow. Cellulosic MSW samples were collected from the dustbin at Rikabi Bazar of Sylhet City Corporation, Bangladesh.
One gram of the sample was suspended in 9 ml of sterile distilled water. After a serial dilution of this suspension (10 1 to 10 6 times), 200 µl from each dilution was spread onto carboxymethyl cellulose (CMC) agar (1.0% CMC, 0.4% yeast extract, 0.5% malt extract, 1.2% agar; pH 7.0) plates and incubated at 37 °C for 24-48 h. Fifty isolated bacterial colonies from each type of samples were randomly selected and purified onto the same media with two replicas to investigate their cellulolytic activity. After 24 h of incubation under the same condition, one replica plate was flooded with Gram's iodine solution. Bacteria showing a clear zone due to hydrolysis of CMC were selected as cellulase producers. The ratio of diameter of the clear zone to bacterial colony was measured in order to select the efficient cellulase producer and the ratio of 5 was chosen as significant. The corresponding colonies that produced the ratio of clear zone 5 or more were considered to have higher cellulase activity and were selected from another culture plate for further studies. The bacterial isolates selected as cellulase producers were identified based on cultural, morphological and various biochemical characteristics as described in Bergey's Manual of Systematic Bacteriology 20 .
Cellulase production A basal media (0.1% KH 2 PO 4 , 0.1% K 2 HPO 4 , 0.04% MgSO 4 , 0.5% NH 4 SO 4 , 0.005% CaCl 2 , 0.000125% FeSO 4 , 1% CMC; pH 7.0) was used for production of cellulase unless noted. For seed culture, a fresh isolated colony was inoculated in 5 ml basal media and incubated at 37 ºC and 120 rpm for 24 h. The seed culture (2.5 ml) was then inoculated in 47.5 ml of the same media in a 250 ml conical flask and incubated at the conditions as indicated. The cell free supernatant obtained by centrifugation at 5,000 rpm for 15 min at 4 ºC was used for determining the cellulase activity or for further study.
Carboxymethyl cellulase (CMCase) activity for endoglucanase
The CMCase activity was assayed using a method described by Wood and Bhat 21 . In brief, 0.2 ml of cell free supernatant was added to 1.8 ml of 1% CMC prepared in 50 mM sodium citrate buffer (pH 6.0) and incubated for 30 min at 40 °C. The reaction was terminated by adding 3.0 ml of 1% (w/v) dinitrosalicylic acid (DNS) reagent and by subsequent exposing at 100 °C for 15 min. One ml of Rochelle salt solution (40 gm Rochelle salt in 100 ml distilled water) was then added to stabilize the color. The absorbance was recorded at 575 nm using UV-visible spectrophotometer (model-T60U, PG Instruments Ltd, England). One unit of CMCase activity was expressed as 1 µmole of glucose liberated per ml enzyme per minute. For negative control, 1% (w/v) DNS solution was added before addition of cell free supernatant.
Filter paper activity (FPase) for exoglucanase
The FPase activity was assayed according to the method described by Wood and Bhat 21 . Whatman no.1 filter paper strip (1×3 cm) was soaked in 1.8 ml 50 mM sodium citrate buffer (pH 6.0). Then 0.2 ml of cell free supernatant was added to it and was incubated at 40°C for 60 min. The reaction was terminated as described above and the absorbance at 575 nm was measured.
One unit of FPase activity was determined as 1 µmole of glucose liberated per ml enzyme per minute.
Optimization of cultivation period for cellulase production
To determine the optimum cultivation period for maximum cellulase production, the seed culture was inoculated into the media as described above and incubated at 37°C. During fermentation, samples of the culture were withdrawn aseptically with 6 h intervals to investigate the level of CMCase and FPase activity and the bacterial growth.
Investigation for optimum cultivation temperature and initial pH of the culture media for cellulase production
To obtain the optimum temperature for cellulase production, fermentation was done at 25, 30, 35, 37, 40 and 45ºC with continuous agitation at 120 rpm. The initial pH of the media was adjusted to 7.0. In order to investigate the influence of pH on the production of cellulase, the initial pH of the basal media was adjusted to 4.0-9.0 as indicated. The fermentation was carried out at 37ºC and 120 rpm for 48 h.
Effects of agitation on cellulase production
To determine the effects of agitation rates on the production of cellulase, fermentation was carried out under different agitation rates as indicated at 37°C. The initial pH of the culture media was adjusted to 7.0.
Effects of temperature and pH on cellulase activity and stability
To investigate the effects of temperature on cellulase activity, CMCase assay was performed at 25-45 °C for 30 min. The thermo stability of cellulase was studied by incubating the crude cellulase preparation at different temperatures as indicated for 1 h. The residual CMCase activities were then assayed to evaluate the heat stability.
Effects of pH on cellulase activity were observed by conducting cellulase assay with 50 mM buffers of different pH (4.0 to 9.0) in which 1% CMC solutions were prepared. The pH stability of cellulase was studied as described previously 22 . Each 1 ml of crude cellulase was treated for 1 h with 1 ml of different buffers covering the range of pH 4.0 to 9.0. Residual CMCase activities were assayed as described above.
Effects of metal ions on cellulase activity
To determine the effects of metal ions on the activity of crude cellulase, 500 µl of enzyme preparation was treated with 500 µl of 10 mM CaCl 2 , KCl, MgCl 2 , HgCl 2 or ZnCl 2 for 1 h at room temperature. Following the treatment, the CMCase activity was determined as described above. Relative activities were expressed as a percentage of the activity of the untreated control taken as 100%.
Statistical analysis
For statistical analysis, Student's t test was used. A p value of < 0.05 was considered to be statistically significant. Data were presented as the means ± standard errors of the means (SEM) of at least three independent experiments, or as noted in the figure legends.
Results and Discussion
Isolation and identification of bacterial isolates
Cellulolytic bacteria were isolated from the MSW and cow dung following the method described by Hankin and Anagnostakis 23 using a media which contained CMC as the carbon source. Using of CMC as a source of carbon plays a pivotal role for achieving the highest level of cellulase production because CMC induces cellulase expression 13, [23] [24] . Isolated bacterial colonies with higher cellulase activity were further screened to obtain the pure culture. The pure culture produced clear zone when it was flooded with Gram's iodine solution due to hydrolysis of CMC (Figure 1 ). Gram's iodine forms a bluish-black complex with cellulose but not with hydrolyzed cellulose, giving a sharp and distinct zone around the cellulase-producing bacterial colonies within 3 to 5 minutes. Clear zone producing bacterial isolates were then subjected to various morphological, cultural and biochemical tests. Based on morphological and cultural characteristics and the results of biochemical tests, bacterial isolate 6 from MSW and isolate 32 from cow dung were identified as Pseudomonas sp. (Table 1) . 
Fermentation conditions for cellulase production
Fermentation period, cultivation temperature, initial pH of the culture media and agitation are the most striking features to influence the production of enzymes [25] [26] . Time course study revealed that the fermentation period for optimum production of cellulase by the both isolates was 48 h with 5% inoculums size ( Figure 2 ). Cellulolytic bacterial isolates from the Persian Gulf showed their optimal production of cellulase after 48 h of cultivation 13 . However, optimum cultivation period varies from strain to strain with their characteristics and cultural conditions 27 . Figure 2 showed that isolate 32 produced approximately 15% higher level of cellulase compared to isolate 6 based on CMCase and FPase activities. Nevertheless, cellulase production level by these two isolates was growth associated (data not shown). For further investigations in the subsequent experiments, we used only CMCase assay. In all of the experiments for production of cellulase, 5% inoculum was used because this inoculum size was found to produce maximum level of cellulase (data not shown).
We optimized the cultivation temperature as it had profound effects on production of enzyme by bacteria 28 . The optimum temperature for maximum production of cellulase by the both isolates was 40°C although a considerable level of cellulase was produced at 35 °C (Figure 3 ). The level of cellulase produced by the both isolates at 37°C was almost the same as was found at 40°C (data not shown). In this experiment, isolate 6 produced about 10% higher level of cellulase compared to isolate 32 at 40°C. Figure 3 further showed that the level of cellulase produced by the both isolates at 30°C and 45°C was approximately 50% compared to that at 40°C. However, temperature optima for cellulase production may vary from species to species of bacteria [29] [30] .
Agitation rates have marked effects on dissolved oxygen in fermentation vessel and thereby on the bacterial growth and enzyme production. The effect was investigated through three independent experiments carried out at 110, 120 and 130 rpm under optimum cultivation temperature and initial pH of the culture media for 48 h ( Figure 5 ). Figure 5 showed that the maximum level of cellulase production was favored at 120 rpm compared to at 110 and 130 rpm. Oxygen limitation might have slowed down the growth rate and thus the cellulase production at 110 rpm and higher shear force at 130 rpm might have caused cell disintegration leading to lower level of cellulase production. The cellulase production by bacterial isolates is controlled by the extracellular pH as the pH of the culture media strongly influences many enzymatic processes. We investigated the effects of initial pH of the media on the production of cellulase by the two bacterial isolates. It was found that the optimum pH for cellulase production by the both isolates was 7.0 ( Figure 4) . However, significant levels (approximately 60-70% of the peak levels) of cellulase production by Pseudomonas spp were supported by pH range between 6.0 and 8.0. This result indicated that the optimum level of cellulase from Pseudomonas isolates was secreted at neutral pH. It was previously reported that cellulolytic bacteria produced highest level of cellulase at a pH range of 6.0-7.5 15, 30 . The effects of pH on cellulase activity were investigated using CMC in 50 mM buffer solution with pH ranging from 4.0-9.0. The optimum cellulase activity was found at neutral pH ( Figure 7 ) which was close to the optimal pH value of most bacterial cellulases 26 . Approximately 85% of the optimum activity was found at pH 6.0 and 8.0. However, cellulase from fungi shows the highest activity at acidic pH 9, 32 . We also examined the pH stability of the crude cellulase by treating it with buffer solutions of different pH. The cellulase in our study was almost stable for 1 h at pH 6.0-8.0. However, cellulase activity was significantly lost when it was treated under pH 6.0 or 9.0 and cellulase from fungal source was unstable at alkaline condition 9 .
Metal ions are known to play pivotal role as cofactors for enzyme activities, and form salt or ion bridges between or among amino acid residues. In the present study, the crude enzyme preparation was treated by five metal ions to investigate the activation or inhibition effects (Table 2) . Results showed that the activity of cellulase from the both isolates increased approximately 15-30% in the presence of Ca 2+ and K + as compared to the control. Mg 2+ had low effect on the enzyme activity. On the other hand, the enzyme activity of the both isolates decreased approximately 35-40% in the presence of Hg 2+ and about 25-30% in the presence of Zn 2+ . However, different metal ions have different effects on cellulase activity and the activation and/or inhibition effects depend even on the concentrations of metal ions 33 . 
Conclusion
The present study has isolated two cellulolytic bacteria that have been identified as Pseudomonas spp based on morphological, cultural and biochemical characteristics. Some parameters such as fermentation period, cultivation temperature, initial pH of the culture media, and agitation rates during fermentation have been optimized for production of cellulase by these two bacterial isolates. Moreover, the crude cellulase of the both bacterial isolates has been characterized in terms of effects of temperature
Partial characterization of cellulase
It is necessary to optimize the physicochemical conditions for maximum activity of an enzyme before its application. In this study, we determined the optimum temperature and pH for the activity of cellulase produced by the both Pseudomonas isolates. We further investigated the stability of this cellulase by treating it under a wide range of temperatures and pH as well as the effects of different metallic ions on cellulase activity.
Temperature has marked effect on the activities of enzymes 31 . We determined that the optimum temperature for the cellulolytic activity of cellulase secreted by the both bacterial isolates in this study was 40°C (Figure 6 ). At 35°C, the activity of cellulase from the both isolates was approximately 75% in comparison with that at 40°C. However, only 40% cellulase activity was observed at 30 and 45°C ( Figure 6 ). Amore et al 14 depicted that the highest activity of cellulase was found at 40°C which was similar to our study. Cellulases from the both Pseudomonas isolates was almost stable at 25-40°C for 1 h (Figure 6 ), which was in agreement with the cellulase from Bacillus amyloliquefaciens B31C strain 14 . Nevertheless, about 30% of the cellulase activity was lost when the crude enzyme was treated at 45°C. and pH on the CMCase activity and stability. In addition, the CMCase activity of the crude enzyme has been characterized based on the activation and/or inhibition effects of some metal ions. Currently we are performing scale-up of the cellulase production by these bacterial isolates in the bioreactor (Fermac 320, Electrolab, UK) by using cellulosic MSW for purification, molecular characterization and application of the cellulase.
